INTRODUCTION
============

Benign prostatic hyperplasia (BPH) is a common urological condition caused by the nonmalignant proliferation of epithelial and stromal cells in the prostate gland during the aging process in men. This condition occurs most often in men over the age of 60. The risk factors of BPH are thought to be age, family history, and heart disease. However, the exact etiology of BPH is still unknown. From recent genetic studies, scientists have suggested that specific gene polymorphisms are associated with the development of BPH.

Toll-like receptors (TLRs) play important roles in the recognition of components of pathogens and subsequent activation of innate immunity. TLRs are involved in the regulation of inflammatory reactions and activation of adaptive immune responses to remove harmful pathogens \[[@B1],[@B2]\].

In mammals, the human TLR family includes the TLR3, TLR4, TLR5, TLR2, and TLR9 subfamilies. The TLR2 subfamily is composed of TLR2 and TLR10-1-6 clusters \[[@B3]\]. The amino acid sequence of human TLR6 is most similar to that of human TLR1, as they share 69% sequence identity \[[@B4]\]. TLR6 is expressed predominantly in the spleen, thymus, lung, and ovary. TLR1 is expressed in peripheral blood lymphocytes, epithelial cells, and endothelial cells, and TLR10 is highly expressed in the spleen and B-cells \[[@B5],[@B6]\]. Several studies have reported associations between TLRs and various diseases, such as papillary thyroid cancer \[[@B2]\], hepatitis C virus infection \[[@B7]\], and myocardial infarction \[[@B8]\].

Chronic inflammation mediated by cytokines and inflammatory cells has been investigated in BPH \[[@B9]\]. TLR-dependent signaling pathways lead to the activation of immune responses and play an important role in host defense against microbes. Both prostate epithelial and stromal cells express TLR2, TLR3, and TLR4 in response to bacterial antigens and increased the expression of interleukin (IL) 1 and IL-15 \[[@B10],[@B11]\] once stimulated. Moreover, the association between TLR and prostate carcinogenesis has been reported. TLR4 and TLR10-1-6 in prostate cells may possibly synergize with innate immune cells, contributing to an eventual inflammatory process, including prostate cancer \[[@B12],[@B13]\].

The aim of present study was to investigate whether *TLR6-1-10* single nucleotide polymorphisms (SNPs) are associated with the development of BPH in a Korean population.

MATERIALS AND METHODS
=====================

Study Subjects
--------------

Two hundred and thirty three BPH patients who visited the Kyung Hee University Medical Center between January 2002 and December 2006 for lower urinary tract symptoms were enrolled in this study. The presentation of clinical symptoms was checked against the International Prostate Symptom Score (IPSS), and the prostate volume of all patients was assessed using transrectal ultrasonography (TRUS). Patients with serum prostate-specific antigen (PSA) levels greater than 4 ng/mL underwent a TRUS-guided prostate biopsy to rule out prostate cancer.

A total of 214 age-matched, healthy control subjects were recruited from patients visiting the hospital for routine checkups. All control subjects were screened for normal PSA levels and the absence of symptoms that suggest BPH or malignancy. Control subjects and BPH patients with prostate cancer, neurogenic bladders, urethral strictures, acute/chronic prostatitis, urinary tract infections, uncontrolled diabetes mellitus, previous pelvic surgery, or hypertension were excluded from this study.

We divided BPH subjects into subgroups based on prostate volume (\<30 g and ≥30 g) and PSA levels (\<1.5 ng/mL and ≥1.5 ng/mL) and analyzed their relationship with the *TLR 10-1-6* gene cluster. All patients provided informed consent for the use of their samples and clinical data. This study was approved in 2009 by the institutional review board at Kyung Hee University Medical Center.

SNP Selection and Genotyping
----------------------------

We selected four *TLR10-1-6* gene cluster SNPs (*TLR10*, rs 10004195 \[-89T/A, promoter\]; *TLR1*, rs5743557 \[-459C/T, promoter\]; and *TLR6*, rs1039560 \[-344A/G, promoter\] and rs1039559 \[-436T/C, promoter\]) with greater than 0.3 heterozygosity among SNPs located in the promoter region for analysis (<http://www.ncbi.nlm.nih.gov/SNP>) \[[@B2]\]. Genotypes were determined by direct sequencing. Before sequencing, Polymerase chain reaction (PCR) was performed. Genomic DNA was amplified using the following primers: *TLR10*, rs1004195 (sense, 5plified using tTTTGCGGGA-3\'; antisense, 5\'-ACCCCACGGCTTGCACTCTCTC-3\'; a 395-bp product); *TLR1*, rs5743557 (sense, 5pl CAGTGGAAAAAAATTCAGCACC-3ied using tTTTGCGGGA-3\'; antisense, 5\'-ACCCCACGG-bp product); and *TLR6*, rs1039560 and rs1039559 (sense, 5tTTTGCGGGA-3\'; anGACCTGT-3\'; antisense, 5\'-TGTTGGATCACTTTCTCAATGC-3 (sense,-bp product). PCR was performed for 38 cycles at 94℃ for 30 seconds, 58℃ for 30 seconds, 72℃ for 1 minute, and 1 cycle at 72℃ for 7 minutes to terminate the reaction. The PCR products were identified using 1.5% agarose gel electrophoresis and ethidium bromide staining. The genotype of each gene was sequenced using an ABI Prism 377 automatic sequencer (PE Applied Biosystems, Foster City, CA, USA). Sequence data were analyzed using the SeqManII software v2.3 (DNASTAR Inc., Madison, WI, USA).

Statistical Analysis
--------------------

We analyzed the genetic data to find associations with BPH. SNPStats (<http://bioinfo.iconcologia.net/index.php>) was used to perform the analysis. Multiple logistic regression models (log-additive, dominant, and recessive models) were used to calculate odds ratios (ORs), 95% confidence intervals (CIs), and corresponding P-values controlling for age as a covariable. A linkage disequilibrium (LD) block of *TLR10-1-6* gene cluster polymorphisms was tested using Haploview ver. 4.02 (Broad Institute, Cambridge, MA, USA) \[[@B14]\].

RESULTS
=======

The clinical characteristics of the 233 BPH patients are shown in [Table 1](#T1){ref-type="table"}. There was no statistically significant difference in mean age between the BPH (66.75±8.22 years) and control (67.45±9.67 years) groups (P=0.410). The mean of the total prostate volume for the BPH group was 39.14±21.42 mL and the mean of total PSA levels was 3.89±3.55 ng/mL.

We genotyped 233 BPH patients and 214 control subjects to investigate whether four promoter SNPs of the *TLR10-1-6* gene cluster were associated with BPH. [Tables 2](#T2){ref-type="table"} and [3](#T3){ref-type="table"} show the genotype and allele distributions of four SNPs in both the BPH and control groups. The genotype distributions of the four SNPs were in Hardy-Weinberg equilibrium in the control group (*TLR10*, rs10004195, P=0.50; *TLR1*, rs5743557, P=1.00; and *TLR6*, rs1039560, P=0.46 and rs1039559, P=0.46). The genotype distributions of the SNPs in the BPH group were similar to those of the control group. These differences were not statistically significant (*TLR10*, rs10004195; OR, 0.90; 95% CI, 0.68-1.20; and P=0.47 in the log-additive model \[T/T vs. T/A vs. A/A\]; *TLR1*, rs5743557; OR, 0.79; 95% CI, 0.59-1.07; and P=0.12 in the log-additive model \[C/C vs. C/T vs. T/T\]; and *TLR6*, rs1039560 rs1039559; OR, 1.28; 95% CI, 0.91-1.81; and P=0.16 in the log-additive model \[A/A vs. A/G vs. G/G\] and OR, 1.28; 95% CI, 0.91-1.81; and P=0.16 in the log-additive model \[T/T vs. T/C vs. C/C\], respectively). In the allele distribution analysis, there were significant differences between the allele distributions in the BPH and control groups ([Table 3](#T3){ref-type="table"}) (P\>0.05).

The four SNPs in *TLR10-1-6* were analyzed for LD and haplotypes using Haploview 4.02. The LD block was composed of rs1039560 and rs1039559 ([Fig. 1](#F1){ref-type="fig"}) and strongly constructed (D\'=1.0, and *r*^2^=1.0). The haplotypes in the LD block were AT (frequency, 0.745) and GC (frequency, 0.255) in [Table 4](#T4){ref-type="table"}. The haplotypes consisted of rs1039560 and rs1039559 and revealed no significance (AT haplotype: chi-square=1.208, P=0.27; and GC haplotype: chi-square=1.208, P=0.27).

Based on the prostate volume (\<30 g and ≥30 g) and PSA levels (\<1.5 ng/mL and g1.5 ng/mL) in the BPH subgroup, we did not find any differences in *TLR10-1-6* gene cluster polymorphisms and other aspects of BPH development (data not shown).

DISCUSSION
==========

TLRs play an important role in pathogen-mediated innate immunity and chronic inflammation \[[@B13]\]. After the recognition of foreign antigens, TLRs activate both innate and adaptive immunity. TLR1 and TLR6 combine with TLR2 to form dimers in order to recognize pathogens and induce the production of cytokines \[[@B13],[@B15]\]. TLR10-1-6 belongs to the TLR2 subfamily and may influence the carcinogenesis of the prostate by increasing the risk of chronic inflammation \[[@B3]\]. However, there have been no reports of an association between BPH and the *TLR6-1-10* gene cluster. In this study, we investigated whether there is a correlation between the *TLR10-1-6* gene cluster and development of BPH. This is the first study to analyze the genetic correlation between *TLR10-TLR1-TLR6* gene cluster promoter SNPs and the development of BPH in a Korean population.

We analyzed four *TLR10-1-6* gene cluster SNPs (*TLR10*, rs 10004195 \[-89T/A, promoter\]; *TLR1*, rs5743557 \[-459C/T, promoter\]; and *TLR6*, rs1039560 \[-344A/G, promoter\] and rs1039559 \[-436T/C, promoter\]) in BPH patients and control subjects. We also investigated the association between four promoter SNPs and aspects of BPH development (prostate volumes and PSA levels). However, we did not find any association between *TLR10-1-6* gene cluster SNPs and development of BPH.

Several researchers investigated the genetic association between *TLR10-1-6* gene cluster SNPs and several diseases, such as immunoglobulin A nephropathy (IgAN), urothelial bladder cancer, thyroid cancer, and prostate cancer \[[@B2],[@B16],[@B17],[@B18],[@B19]\]. Park et al. \[[@B17]\] investigated the relationship of *TLR10* gene polymorphisms (rs11096957 \[Asn241His\], rs11096955 \[Ile369Leu\] and rs4129009 \[Ile775Val\]) with IgAN in Korean children and showed association with susceptibility to IgAN. Wurfel et al. \[[@B20]\] revealed that hypermorphic genetic variations in *TLR1* are associated with an increased susceptibility to organ dysfunction, death, and gram-positive infection in sepsis.

The genetic variants of the *TLR10-1-6* gene cluster in prostate cancer has been investigated in a Swedish case-control population and the Health Professional Follow-up Study \[[@B21]\]. Eleven SNPs in this gene cluster were associated with a statistically significantly increased risk of prostate cancer. Stevens et al. \[[@B19]\] also demonstrated that two SNPs in *TLR10* (I369L \[rs11096955\] and N241H \[rs11096957\]) and four SNPs in *TLR1* (N248S \[rs4833095\], S26L \[rs5743596\], rs5743595, and rs5743551) were associated with a significant reduction of 29%-38% in the risk of prostate cancer. In contrast, Chen et al. \[[@B13]\] reported that inherited sequence variants of the innate immune *TLR10-1-6* gene cluster are not significantly associated with the risk of prostate cancer. The *TLR* pathway would influence the risk of prostate cancer through some inflammatory pathway, and exposure to the presumed etiologic infectious agent could vary among the three studies.

In conclusion, we did not find any correlations between the four promoter *TLR10-1-6* gene cluster SNPs and the development of BPH. These results indicate that the *TLR10-1-6* gene cluster may be not associated with the development of BPH in the Korean population.
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###### 

Characteristics of benign prostatic hyperplasia patients (n=233)
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Values are presented as mean±standard deviation.

IPSS, international prostate symptom score; Qmax, maximum flow rate; Qavg, average flow rate; VV, voided volume; PVR, postvoid residual volume.

###### 

Genotype frequencies of *TLR10-1-6* gene cluster polymorphisms in BPH patients and controls
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P-values were derived from logistic regression analyses with the log-additive, dominant, and recessive models.

TLR, toll-like receptor; BPH, benign prostatic hyperplasia; SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval.

###### 

Allele frequencies of *TLR10-1-6* gene cluster polymorphisms in BPH patients and controls
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TLR, toll-like receptor; SNP, single nucleotide polymorphism; BPH, benign prostatic hyperplasia; OR, odds ratio; CI, confidence interval.

###### 

Haplotype analysis for association between the *TLR10-1-6* gene cluster polymorphisms and BPH
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(+), ratio a specific haplotype of case or control; (-), ratio not a specific haplotype of case or control. Haplotype consists of rs1039560 and rs1039559. TLR, toll-like receptor; BPH, benign prostatic hyperplasia.
